Abstract
Introduction
Nowadays, experts in energy sector worldwide have been focusing on the various ways available in reducing the environmental effect throughout the process of producing energy [1] . The conventional way of generating electricity with fossil fuel as the main source such as oil has become a big concern since the greenhouse emission that includes carbon dioxide mainly has contributed a lot on the air pollution problem [2] .
Besides the negative effect on the environment, the decreasing amount of fossil fuel reserves has urges the government and private sectors to reduce the dependency on them [3] . In low-income countries, energy security has become a critical issue as the vulnerabilities of supply and demand overlap [3] .
Next, the volatility of global oil price has shown the threat it has on the energy sector of countries that depends mostly on the source. As a result from the Middle East and Africa crisis, the price of the oil has increased from $82 per barrel in November 2010 to more than $112 per barrel in April 2011 [3] . The increasing trend of oil price is expected to continue causing an alarm all over the world to start seeking for alternative source of energy. Since the catastrophe of Japanese Tsunami in 2011, countries worldwide have taken multiple actions in improving the safety measure on their nuclear plant facilities [4] . This caused the transition of the governments worldwide towards much greener source of energy with less environmental effect [5] . As a result, one of the actions taken in energy sector is by adopting renewable energy sources to produce electricity that is clean, mostly redundant and free such as solar, hydro and wind sources [1] .
In Malaysia, as a country located in the equatorial region with high level of temperature, solar energy become one of the most potential sources of energy to be implemented [1] . The advantages of clean with no pollutant emissions and the free availability of the abundant source of solar energy have made it an ideal alternative to generate electricity for the country [1] . 
. Energy Consumption and Demand
The amount of population in Malaysian has reached 27 million in 2010 [6] . In the year 2020, about 75% will settle down in urban area [7] . An annual average consumption of 3300kWh for every household has been reported in [8] with 21% of the electricity generated is used by residential area in the first half of 2010. Figure 1 shows the same pattern of primary energy consumption and electricity consumption in Malaysia [9] . Figure 1 . Rate of primary energy and electricity consumption in Malaysia by year [9] In the past six years, the growth domestic product (GDP) grew at the rate of 5.7% [10] . In 2012, the government has predicted economic growth of 5 to 6% [11] .The GDP is related directly with energy consumption and demand [10] .
In Malaysia, gas and coal has been used most widely as the source of electricity generation. In addition, energy production is totally dependent on fossil fuel sources such as oil and also coal and gas as shown in Figure 2 [12] . Figure 2 . Source of electricity in Malaysia [12] For oil source, in 2009, the total amount of petroleum production is 693,730 barrels per day (bbl/d) [9] . About 536,000 bbl/d has been consumed in this country, while the total export value is around 157,730 bbl/d. With the decreasing amount of oil reserves, oil and gas companies throughout Malaysia that includes Petronas and it's production sharing contracts (PSC) has started to search on offshore area reservoirs that will undoubtedly cause a large amount of cost allocation. In international level, Malaysia's oil reserves can be considered as small and insufficient as oil production is decreasing [9] . Furthermore, this fossil fuel source reserve has approaching the depletion period with decreasing amount of supply.
Malaysia's gas reserves of 88 trillion cubic feet (tcf) are much lesser compared to Russia (1680 tcf), Iran (1046 tcf) and Qatar (900 tcf) [9] . The production of natural gas in 2008 has shown an increment from 56 billion cubic feet in 1980 to 2023.55 billion cubic feet. However, according to [13] , Malaysia can only produce electricity by using the natural gas as the sources for only 29 years although the size of the natural gas reserves is in 16 th place highest as reported in [14] . 
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Between 2000 and 2008, as a way to reduce the dependence on natural gas, Malaysia has introduced a policy that encouraged the transition of power production towards coal [15] . As for coal, Malaysia imported the supply mostly from Indonesia (84%) followed by Australia and South Africa [16] .
In long-term period, fossil fuel sources is becoming less and less as the growth of economy worldwide requires more and more energy production. Governments worldwide should start to seek for another sustainable energy sources and one of the most preferable option is by implementing renewable energy as the source of energy [3] .
Policy and Plan on Renewable Energy and PV System
In 2001, renewable energy has been highlighted in the 8 th Malaysia Plan (2001) (2002) (2003) (2004) (2005) . Small Renewable Energy Program (SREP) was introduced to encourage the usage of renewable energy that includes solar, mini-hydroelectric, biomass and wind. Through this program, small power plants that use the renewable energy sources can sell their electricity to the utility via the distribution network. Besides, Fifth Fuel Policy 2000 (5FP2000) is also included in the plan with the purpose of focusing more on energy efficiency and sustainability that is much related to renewable energy.
Meanwhile, in the 9 th Malaysia Plan (2006-2010), Malaysia has specified the solar energy or photovoltaic as the focus of renewable energy sector that is going to be developed. Malaysia Building Integrated Photovoltaic (MBIPV) project has been launched and planned to start on July 2005 and finish around December 2010 [17] . It involves the market development of PV cell in Malaysia, PV technologies and implementation of the capacities.
In August 2006, the Third Industrial Master Plan (IMP3, 2006-2020) was introduced. In these 15 years of industry development plan, solar energy has been chosen as the new growth area of energy. According to this report, in 2005, the worldwide sales of PV cells and modules has come to the total amount of USD 10 billion which is considered as a high growth. Government support to encourage the improvement in energy sector that surely can be achieved by the renewable energy implementation is highlighted in the National Green Technology Policy 2009 (NGTP2009).
Currently, in the 10th Malaysian Plan (2011-2015), the National RE Policy & Action Plan has been introduced and the MBIPV project is selected as a significant tool towards the RE development in Malaysia. The Prime Minister has stated that the government is planning in introducing a renewable energy law [18] that includes the feed-in tariff (FiT) for the benefit of the solar energy growth.
PV Installation in Malaysia 3.1. Climate Potential
Malaysia lies entirely on the equatorial region. On average, Malaysia receives around 6 hours of sunlight per day [19] . Throughout the year, the temperature ranges between 
PV Construction
Solar PV connections can be obtained either in on-grid or off-grid connection [3] . An on-grid connection refers to one with interconnection between the building and the national grid that will enable electricity transfer towards the grid network of the utility. It is usually related to the feed-in tariff (FiT) introduced by the government. Meanwhile, an off-grid connection does not connected to the national grid. This type of connection is often connected to a storage bank which includes battery that will store the electricity. It is much suitable to be implemented in rural area.
In Malaysian PV market, four types of solar panels are mono-crystalline silicon, polycrystalline silicon, copper-indium-diselenide (CIS) and thin film silicon (using amorphous silicon) [21] . Mono-crystalline silicon and poly-crystalline silicon show the best result under hot sun, whereas on cloudy days CIS and thin film silicon performed better. The most efficient PV 1238 module is mono-crystalline silicon followed by poly-crystalline silicon type. Crystalline silicon is popular for performing higher cell efficiency than the thin film technology. CIS compared to the amorphous silicon solar panel, has shown higher module efficiency. In Malaysia, main factories involve in PV capital equipment production, cell and panel manufacturing and installations of solar system are First Solar, Q-Cells and Sun Power [1] .
Compared to the countries in Europe, the orientation of BIPV in Malaysia is less important. A tilt angle of 2° to 7° and true South direction for PV array is the perfect orientation of the PV installation [22] . In order to enable the natural cleaning process of the PV array surface with the help of rain drops, PV installation with an inclination angle of around 5° to 15° is much preferable [23] .
Projects and Development of PV
In Malaysia, the first grid-connected PV was installed in July 1998 on the rooftop of College of Engineering, Universiti Tenaga Nasional (UNITEN) [29] . The installation was initiated by TNB Research Sdn Bhd (TNBR) as part of a pilot research project funded by Malaysia Electricity Supply Industry Trust Account (MESITA) and Tenaga Nasional Berhad (TNB). The system capacity is 3.15kWp and is connected to a 3-phase electricity system of the building. This installation provided the first Malaysian practical experience on grid-connected PV, and as such the system was simple and basic. The system is still working.
During the same year, two further grid-connected PV systems were installed by BP Malaysia and Universiti Kebangsaan Malaysia (UKM). An 8kWp PV system was installed at a BP petrol station along the KESAS highway, and a 5.5kWp PV at the Solar Energy Research Park in UKM. The PV system at the BP petrol station was officiated by HM Queen of England. However, today, both the UKM and BP PV systems have been removed. A family of a TNB senior officer became the first Malaysian family to experience BIPV at their home in August 2000 when a 3.15kWp BIPV system was installed at their house in Port Dickson. Subsequently, two further BIPVs were installed at public residences in Shah Alam (3.24kWp in November 2000) and Subang Jaya (2.8kWp in November 2001).
More recently in late 2005, the roof of a bungalow in Semenyih was integrated with a 5.25kWp BIPV system. By making the house energy efficient, the requirement for BIPV capacity (and investment) is reduced and the PV produced electricity will become more significant. Today, there are almost 500kWp of grid-connected BIPVs installed in Peninsular Malaysia, most notably the 362kWp BIPV at Technology Park Malaysia (TPM). The PV installation at TPM demonstrated Malaysian capability to handle and manage large PV installations.
Grid-Connected PV System Calculation 4.1. Introduction
The proposed grid-connected PV cell in a small residential area involves a total of 10 units of houses located at Johor Bahru, Johor, Malaysia as a case study.
Size of PV Array
First, the size of the PV array required is calculated by using equation (1) In average, a typical house has a daily load demand of 8.427 kWh [24] . Therefore, for 10 units of houses, the average daily load demand is 84.27 kWh. 
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In this project, the PV array use is of the mono-crystalline (SC0155) type manufactured by Sorigin. The efficiency of this PV module is 14.62% [26] . Next, the inverter chosen to be implemented is produced by AIMS of type PWRINV500012W 5000 Watt power inverter with and efficiency of 90% [27] .
After calculating, the size of the array needed for 10 units of a house in the residential area is 225 m 2 . The PV peak power under illumination of 1 kW/ at a cell temperature of 25°C was determined with the help of equation (2) [28].
PV Peak Power
PV area x PSI x
PSI takes the value of 1000. Therefore, the PV peak power computed for the residential area is 32895 Wp.
Size of Inverter
The inverter rating must be higher than the total watts of appliances. The inverter plays a big role in the system as it converts the DC input into AC at the output.
In the project, the rating of the inverter chosen must be 25% to 30% bigger than total watts of appliances. The inverter must be able to sustain the total amount of watts that will be used at a time for a standalone system. This project, the inverter is selected considering the rating to be 25% higher than total watts of appliances which takes the value of 4375 W. Therefore, a 500 W inverter has been chosen.
Simulation
The simulation of the PV system is done by using the HOMER software. After obtaining the values required for the components in the PV system, the data is inserted into the PV and inverter windows as the input. The description of the input for both PV module and inverter can be obtained in Figure 3 From Figure 4 , it can be observed that the input for the size of the PV module to be considered is inserted as 32.895 kW which is calculated above. Besides, from [26], the input values for nominal operating cell temperature and the efficiency are 44.4ºC and 14.62% respectively. The lifetime for this simulation is chosen to be 25 years.
Next, for inverter as shown in Figure 4 , since the inverter size calculated is 4375W, the input value for the simulation is selected to be 4000W.The inverter efficiency is inserted as 90%.
The PV system is constructed in the software and the schematic diagram of the system can be seen in Figure 5 . From the Figure 5 , the system consists of equipment such as PV module, converter, primary load representing the total load for the 10 units of houses and grid. Inverter plays the role of converting the DC supply produced by PV module from the sun into AC supply that will be consumed by the load. The AC supply will also be transferred to the grid network since the PV system for the residential area project is grid-connected. 
Simulation Result
After the simulation has been done, the output result obtained is shown in Figure 6 . From Figure 6 , it can be observed that for the PV system with 25 years of lifetime simulated in HOMER, the initial capital is RM 500,375. Besides, the operating cost is calculated to be RM5559 per year whereas the cost of energy (COE) is RM1.115 per kWh. Therefore, it is obvious that a very big amount of investment has to be allocated to initiate this grid-connected PV system which is RM 500,375 that requires a very strong support by the government and the private sectors as well. Furthermore, it is not easy to gain confidence among them in order to ask for such a very big investment not forgetting that there is an amount of RM 5,559 operating cost per year involved. A wide awareness about the solar energy as the clean and green renewable energy must be spread via education and also commercialization in order to gain the confidence among the key players.
According to the current TNB tariff for residential user that falls into the domestic category [30] , the rate for the first 200 kWh per month is RM0.218 per kWh which is very much lower compared to the cost of energy (COE) computed in HOMER which is RM1.115 per kWh. Furthermore, the payback period for solar energy is quite long. However, in the long term, PV system will definitely be a source of energy that is able to provide the energy security with less environmental effect. Another aspect that needed to be considered is the area for the PV installation will require a very wide space which is less practical and will cause more money expansion. Therefore, as an option the implementation of building integrated PV system is much preferable.
Conclusion
Solar energy has high potential in Malaysia. Since 2000, solar PV installations have grown significantly in this country. The Malaysia Building Integrated Photovoltaic MBIPV project was one of the important tools to increase solar PV penetration in residential sector. Solar could become one of the major renewable sources for electricity generation in Malaysia since the financial resources for research and development programs and various government policies have shown a positive growth recently. The implementation of FiT undoubtedly will boost the solar PV industry in Malaysia. However, the total return from solar investment is not considered good enough. The implementation of PV system has to cope with the low level of understanding of government policies in Malaysia as well as the important awareness among users. A green energy of solar is only possible when there are complete awareness, sufficient investment, stable market and solid commitment. 
